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Abstract

What is important in the current situation it is important to pay attention to patterns of the

water consumption behavior of subscribers and to identify subscribers and consumers with a
higher position in the value pyramid in the field of water consumption management policy.
Value pyramid is a tool that identifies valuable customers in terms of consumption, and so, has
great application and importance in the field of water consumption management to identify
high-consumption and low-consumption customers. Therefore, in the present study, in order to
identify the patterns of consumption behavior of Shiraz Water and Wastewater Company
subscribers based on their consumption value pyramid and to predict the subscribers with a
higher position in the value pyramid, data mining techniques have been used. In the framework
of the proposed method, first, the data of water subscribers' consumption including residential,
commercial and industrial subscribers, public and administrative, religious and educational
sites, military and non-governmental, for two consecutive years, were extracted from the
database of Shiraz Water and Wastewater Company. After determining the optimal number of
clusters using self-organizing map and Davis Bouldin index, clustering operation is performed
using K-Means algorithm. It should be noted that the indicators and criteria for subscriber
clustering include the type of use, location, consumption, history of unauthorized branching,
number of disconnection notices and time of payment of bills which have been identified using
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the opinion of experts. Then, while calculating the consumption value of subscribers in each
cluster and plotting the subscriber consumption value pyramid, the decision tree algorithm is
used to predict and discover the behavioral patterns of subscribers. The results show that Shiraz
Water and Wastewater Company subscribers are divided into six clusters in terms of
consumption behavior patterns. While drawing the consumption value pyramid, these six
clusters are classified into three classes: high consumption subscribers, medium consumption
subscribers and low consumption subscribers. After implementing the decision tree, the
accuracy of the tree was 78.92 that, according to the results of the decision tree, the subscribers
of these three classes have 11 patterns of behavior that predict the type of consumption. Thus,
according to the 11 behavioral patterns of the subscribers of Shiraz Water and Wastewater
Company, the consumption of new subscribers can be predicted and its position in the value
pyramid can be determined.

Keywords: K-Means Algorithm, Data Mining, Self-Organized Neural Network, Shiraz Water
and Wastewater Company, Water Consumption Management, Water Subscribers.
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e Data collection from the subscriber database of Shiraz water and

* Pre-processing and preparation of data and dividing them into two

* Determining the maximum number of clusters using the self-organizing

* Calculate the Davis-Boldin index to calculate the number of designated

Step one *Problem definition and goal setting
Step two
wastewater company
> g
Step three categories of experimental and educational data
> ’
Elzpsions neural network method
; ‘
Slepfine clusters
Fa ™
Step six * Perform clustering using K-Mean algorithm
> g
Step seven * Determining the consumer value pyramid of subscribers
Fa ™
Step eight

*Predict the level of consumption of each subscriber using the decision tree

Fig. 1. Research steps
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Table 1. Research indicators
] q Indicator  Indicator
Row Field Unit Data type type code Scope of change
Residential, commercial and
Tyvpe of industrial, public and
1 Ypeo - Nominal - Fl1 administrative, religious and
application . .
educational places, military,
non-governmental
2 Address === Nominal === F2 Region 1-5
3 Consumption Cubic Numerical Reverse F3 0-126,006,482
meters
History of
4 unauthorized = Nominal = F4 Yes- No
branching
5 Interrupt warning Once Numerical Reverse F5 0-10
number
6 Time to pay bills Day Numerical Reverse F6
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Table 2. Davis-Bouldin index for the number of clusters

Number of clusters Davis-Bouldin index

1.49
1.15
1.539
1.32
1.96
1.97
1.86
1.71
1.62

S0 U AW

E Cluster 1 ®Cluster 2

u Cluster 3 ®Cluster 4

H Cluster 5 ®Cluster 6

oA

Fig. 2. Percentage of subscribers in each cluster
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Table 3. Characteristics of subscribers of each cluster
Variable / Cluster 5 1 2 3 4 5 6
Number of subscribers (Item) 196300 37750 143450 241600 90600 196300 45300
Residential 56 91 91 51 80 56 68
Commercial and 26 5 5 34 14 26 10
Industrial
Type of Public and 10 1 1 5 2 10 6
application Administrative
(Percent) Rehgmus and 3 | | | | 3 5
Educational places
Military 1 1 1 1 1 1 3
Non-governmental 4 1 1 8 2 4 8
Region 1 69 5 5 9 5 69 14
Region 2 14 8 8 65 5 14 10
(‘;Sf:eezf) Region 3 5 6 6 12 72 5 6
Region 4 5 10 10 6 10 5 55
Region 5 7 71 71 8 8 7 15
0-12000 (I.JOW 13 64 64 16 10 13 17
consumption)
Consumption R
P (Medium 58 28 28 25 82 58 55
(Percent) .
consumption)
More than 15,000 29 8 8 59 8 29 28
(High consumption)
History of Yes 6 4 4 1 6 6 7
unauthorized
branching No 94 96 96 99 94 94 93
(Percent)
From Ot 1 times 24 24 81 22 21 25
Interrupt (Low)
warning From 2 to 4
number (Medium) 69 68 68 14 24 69 16
(Percent) More tha?n 5 times 10 3 3 5 54 10 59
(High)
Time topay o than 15 days 80 13 13 89 12 80 78
. (Suitable)
bills More than 16 days
(Percent) ) G4y 20 87 87 11 88 20 22
(Inappropriate)
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Table 4. Accuracy of decision tree

Experimental set Test set
True (Percent) 89.25 68.59
False (Percent) 10.75 31.41
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Table 5. Patterns extracted from the decision tree
. Interrupt History of -
ey Time to pay bills Type O.f warning Address unauthorized izl iy
class application . (Percent)
number branching
Less than 15 days All Les§ than 4 Region 5 No 100
times
Less than 15 days Residential Leiisr;l;z;n 4 Region 2 No 88.23
Low It makes no difference  Residential 0 or 1 time Region 4 No 81.81
Residential-
Less than 15 days Commercial Lesg . Region 1 No 22.79
and times
Industrial
Commercial
Less than 15 days and Les:.s i Region 4 No 100
. times
Industrial
Medium Commercial Less than 4
It makes no difference and . Region 3 No 77.27
. times
Industrial
More than 15 days All 0 or 1 time Region 1 No 100
Residential-
More than 15 days Commercial Mor; than 5 Region 1 No 32.75
and times
Industrial
Commercial
More than 15 days and MO:;:Z:H 3 Region 4 No 31.81
High Industrial
. . More than 5 .
More than 15 days Residential times Region 3 No 11.79
Residential-
Less than 15 days Com;z(elrmal 0 or 1 time Region 2 No 65.55
Industrial

3t Sl il 5 56V b i o ks jlas] slaws sl
G an oS Syia So aeo s AV/AY slezsl 4 asly il
ol
ébju‘:@)&m—djwjébdjjggjﬁmﬁ.
sl 59510 5l eS T 558 Cslspy olag sl ) dilae
m\x;\_?mxgq,_m@u,)uj\ﬁsjcu)w
.@\JWFSJJ;:J&MJ:\/‘\/VY sleml 4 asl
¥oadbai (Slu g ails gaio— o)l 0,8 Szis Sle
c_u)wumw\&;\;JQTU;};Q;%ML&;W\_:@
clezrl 4l il 5l oleisl il 5 LU F 5 S o]
ol Lo 20 OB pme b S 2ie G ao s Ve

Y odihie Sl g ails ris — g las 5,8 Sie Sle

Journal of Water and Wastewater

aMb))Hﬁf@b}.&@bML&AJJ#QL@
b 5 O oS, S e b e sla S s (s
ijcﬁoéoﬁc‘%‘)ﬁ‘\\ﬂﬁ
Q\_o)".x_.il.jadla;.oOSL.,jmb(_;j)\S&J,ad;.fmjf\'
3 S o pdad s slaws 155,510 51 a8 o (253 <5l
Voo glansl sl el jlow é Oleil il 5 L F
.@\JWFSJJ;:J@MJ:
Y adibate (Sla 5 ails 558w 5 SB 5,,8 S 2ie Sl
c_u)wumw\&;\;JQTU;};Q;%ML&;W\_:@
clezrl 4l a3l 5l oleisl il 5 LU F 5 S o]
Wl G S S rite S a3 AM/YY
?@&34&‘)@‘5&“3;\;6ﬁ)&6wﬁ.

Vol. 33, No. 2, 2022

o

Ve JL«HV a)l.o.:.\"?’a)p



dx.doi.org/10.22093/wwj.2021.307401.3182

wijl 00lizi b Spao Jli5) i s 5 lolis

Loy i s 0.5 ks s Ll gaendIS
L oSnda oS G b S nda Ol iea oOISY o (oS e
3y a8 S 18505 O ae L S ke 5 Ja g OB s
gl Al Glo S s s 5 50 glaai gy i Ma 5 il 88 s
uvsfﬁmwwéaﬁwob:@w@ﬁjhm
sxbanad Joll |y S e IS 51 ao 55 0) Sl 5 O s
3blia oS Y gana il (ixio =, 5 S (50018 vans
81815 5o i Ol il Ll 581 50550 5 Y
S5 5 bl b st L F 51 2 o oIS ) S
L oS iin WIS el 59, YO sgum il 555 S5l oo
o el 1y S tie S 51 o s WA oS Lo gte G
05 ¥ o) bl S Y pone wiigls (S 68 saas 5 sbe,
Sy oles eSiloe 5 w1 5bve b Slail il T 281
W 48 G pancS S e IS ol 55, P 0 g il 548
S S sas ey ilsad Lols 1 S 2t IS 5l as s
laczil ailn Ll 581 5us 5 ¥ aibate o SLL Y ame wisyls
D50 51 e oS ol S e 58T 1313 5one 8
330V ssa Ll o5 8 Csls y olas oSiln 5 axils ahid
|
S e sl ol SN ISl sle sz el
ol S s el 518 O 5 O 28,5 S e
o) S st | M Sk B e 0l e 05 o0 6T
Al St A5 WS o ar S e
225255 055 0 ol (] s sde St Ban b5
B wu‘ 2 $YL Ll 53 a8 G ane S S ke o)
oS e gy Slacie (gl (il 5 ans Sl aslasd S

o p oy b S s

L Ll 5lalesT 5 O G e 20lS slial; 55 G5 e
W8S ks 03 O e s Sl

a3 o 33 1553 1ty cnl sl Cus s o stese
LSl S0 S 50 51 OB 5 O 5,8 oS e glausls
e s 5 51 S e M 5 il s LS ool
A g5lear LS du‘@e

psdn bl aan ) o Kie sy gl hlenin bl s
sl G- 8 UK 4 5185 sl Sl 21l 5 latens @
3Ll anal S5 35S s 58 el il B ST 5l 5 e

Journal of Water and Wastewater

3wt Slatil aile 5 LU F 51 mS T plab 5l slass sl

G rna b S rie SO ao,s YWY gl sl ansls
ol Lo g2
uLA) J—»L\ulamuS\_ajb_w\)dj)ljJ_b JS‘.

L i o gl s slaad 0555 VF 51 2t o7 253 sl
sl g il il et Oletsl dile 5 L)

ol Lo 20 O 2 b S e S
oﬂ—wﬁu\bw—djbﬁﬁﬁudeK e Sle
s 0T Uoasd sl ol eadly ) ailaze

MJ)\"

sy e, VP ) i
a_.:mp%;_.,t,_mwuwuaj\,:_@o\cmjwl
RO FEJWSYINE EEINE SRWIS 7,7 o QP FESS PYOREAT
Vb (Sl 5 acils mo - s 528 Sats Sle
c_zs)u»mm‘w\mlﬁc,@;);@\%cuym
ezl 4ol el sl s Oleil dle 5 ,L 0 5 2y o
el By S ia Sy aoys AV /YN

oles J_.:Lvmdsu,m\>§suwxs ie Sle
3t o phad sl slaws 305 VP 51 iy o (258 <3l
w\/\\ ozt sl il sl s Olazil a5 5L 0
Ll B ey S i S as s

Sbo s ails garo -5l 5 S (5,8 St Sle
slacss 50,00 51 S ol (o 5md Ssls oles sl ¥ ailae
il 3l bre ot oletil ail 5 6V b i o kb s
el G ey S ia S a s $O/00 slozsl 4

,fwjam—f
J:;_:‘U,S

53 53013l esls 33 s o 5 Sl Gr’s @":’U. Lyl

o gl gslSesls (o SiSS 5l sk al sl SRe g3y o
PRUTROLH A I POTEE PRI R SR
iz Lad e e om0 S s oSl
DLl shiss 5l o Olatil il (O 20 0l5s sl S35

&JJ_.GAw))‘

S i 48 K el 4535 F 4y (558 5y ol 5 o
Lo g5 plo 5l slize 5 Souo b gl sla S5 455 o

jMMMPﬁU.«S &JJ-GALSJL.‘?)LS)S.” .D)\b
1 e g lh (658U ol sy Ll § 3o u»-ﬂ-»

Mol qu:u

Vol. 33, No. 2, 2022

VE) Jlo Y soled FY 50

\o¥



oy dx.doi.org/10.22093/ww;j.2021.307401.3182 OblKas 5 s pibio dadic

S50 -0 31 Laasls g Ll aS cul ol e o, on) S e w358

sl S8 S e el LT (gl 1 Sy o) S oo gl pd 5 ddaly ol oo (Sl 5 00,8 s
el Jeds ool s pama 5ot oLl 51ms 0ol e s Ll U 5 e slaslessl Connl w4z 55 L@
2380 (138 5l se Dl 5 DL S I PS A TR J S L SEN RU JON

References

Aghababaei, A. & Shahrabi, J. 2012. Application of data mining knowledge in the face of indebted subscribers in
Mashhad water and wastewater company (Region 3). The 6" Data Mining Conference. Tehran, Iran. (In Persian)

Aghababaei, A., Shahrabi, J. & Hadavandi, I. 2011. Designing a data mining model for indebted subscribers of
Mashhad water and wastewater company (Region 3). 5 Iran Data Mining Conference, Amirkabir University of
Technology. Tehran, Iran. (In Persian)

Aghahosseinali Shirazi, M., & Akbarpour, A. 2011. Estimation of daily urban water demand using the February
series: a case study of Birjand city in South Khorasan province. International Conference on Water and
Wastewater. Tehran, Iran. (In Persian)

Ahangarkani, M. & Khasteh, S. H. 2019. Analysis of urban (domestic) water consumption in Babol city using data
mining methods. Sepehr Geographical Information, 28, 53-69. (In Persian)

Amini, Q. 2020. Modeling the diagnosis of unauthorized water use (case study: Qom city). Journal of Water and
Wastewater, 31(4), 184-193. (In Persian)

Amini, Q., Farmani Enteza, H., Jan Sadeghpour, A. & Davoodabadi, A. 2018a. Application of data mining in
identifying subscribers with unauthorized water uses (case study: Qom water and wastewater company). 2"
Iranian Water and Wastewater Science and Engineering Congress. Isfahan, Iran. (In Persian)

Amini, Q., Farmani Entezam, H., Jan Sadeghpour, A. & Davoodabadi, A. 2018b. Identification and extraction of
water consumption pattern by data mining method (case study: Qom water and wastewater company). 2"
Iranian Water and Wastewater Science and Engineering Congress. Isfahan, Iran. (In Persian)

Amoozegar, M. 2016. Presenting a two-step solution to identify the pattern of electricity consumption. [ranian
Journal of Quality and Productivity of Electricity Industry, 5(9), 48-57. (In Persian)

Ansari, H., Boostani, A., Tabatabayi, A. & Foroozesh. M. 2015. Investigation of consumption management and
estimation of Mashhad drinking water demand in the horizon of 1420. Water and Sustainable Development,
4(1), 125-132. (In Persian)

Arora, N., Arora, A. S., Sharma, S. & Reddy, A. S. 2014. Use of cluster analysis-A data mining tool for improved
water quality monitoring of river Satluj. International Journal of Advanced Computer Science and Applications,
6, 63-69.

Azhar, S. A. S., Johar, H., Baki, S. R. M. S. & Tahir, N. M. 2013. Optimization of water quality monitoring based
on fuzzy algorithms. In 2013 IEEE Conference on Systems, Process and Control (ICSPC). Kuala Lumpur,
Malaysia. 283-288.

Azimi, V., Vakilifard, A. & Asadi, A. 2015. Evaluation of M5 gene expression planning and model in estimating
daily flows, case study of Liquan river. International Quarterly Journal of Water Resources Analysis and

Development, 3, 134-142.

Journal of Water and Wastewater NS 5 Ol dore

A
Vol. 33, No. 2, 2022 VE) Jlo oY osled ¥ o,ps =



dx.doi.org/10.22093/wwj.2021.307401.3182 il 00lizul b Spao 28, st st 5 splolid

Berry, M. J. & Linoff, G. S. 2004. Data Mining Techniques: for Marketing, Sales, and Customer Relationship
Management, John Wiley and Sons, Indiana, USA.

Boyle, C. E., Eskaf, S., Tiger, M. W. & Hughes, J. A. 2011. Mining water billing data to inform policy and
communication strategies. Journal-American Water Works Association, 103, 45-58.

Castellano, 1. M. 2020. Water Scarcity in the American West, Palgrave Macmilan, Cham. New York, USA. 51-93.

Chen, X., Yang, S. H., Yang, L. & Chen, X. 2015. A benchmarking model for household water consumption based
on adaptive logic networks. Procedia Engineering, 119, 191-198.

Cho, Y. 2016. A watershed water quality evaluation model using data mining as an alternative to physical watershed
models. Water Science and Technology: Water Supply, 16, 703-714.

Davidson, 1. 2002. Understanding K-Means Non-Hierarchical Clustering. Suny Albany, Technical Report, 02-2.

Davies, D. L. & Bouldin, D. W. 1979. A cluster separation measure. [EEE Transactions on Pattern Analysis and
Machine Intelligence, 2, 224-227.

Diaz, J. L., Herrera, M., Izquierdo, J. & Pérez-Garcia, R. 2010. The tasks of pre and post-processing in data mining
applied to a real world problem. 5" International Congress on Environmental Modelling and Software, Ottawa,
Ontario, Canada.

Dutta, P. & Chaki, R. 2012. A survey of data mining applications in water quality management. In Proceedings of
the CUBE International Information Technology Conference, Pune, India.

Ebrahimi, P. & Naderi, H. 2001. Study and evaluation of drinking water supply and demand management in drought
conditions of Isfahan. Journal of Water and Environment, 48-49, 89-97. (In Persian)

Eskandary, M., Taghavifard, M. T., Raeesi Vanani, I. & Ghazi Noori, S. 2020. Identification and prioritization of
public-private partnership indicators in Iran’s water and wastewater industry via data mining algorithms. lranian
Journal of Economic Studies, 8(2), 375-396.

Foster, H. S. & Beattie, B. R. 1981. On the specification of price in studies of consumer demand under block price
scheduling. Land Economics, 57(4), 624-629.

Garcia, X., Ribas, A. Llausas, A. & Sauri, D. 2013. Socio-demographic profiles in suburban developments:
implications for water-related attitudes and behaviors along the Mediterranean coast. Applied Geography, 41,
46-54.

Gu, Q., Deng, J., Wang, K., Lin, Y., Li, J., Gan, M., et al. 2014. Identification and assessment of potential water
quality impact factors for drinking-water reservoirs. International Journal of Environmental Research and
Public Health, 11, 6069-6084.

Humaid, E. H. 2012. A data mining based fraud detection model for water consumption billing system in MOG.
MSc. Thesis. Islamic University of Gaza Deanery of Higher Studies Information Technology Program
Department of Computer Science. Gaza, Palestine.

Jahanpour, K. & Nosrati, G. 2015. An overview of data mining applications in water and wastewater company
management; methods and patterns. The I* International Conference on Humanities with Indigenous-Islamic
Approach and Emphasis on New Research. Sari, Iran. (In Persian)

Javadianzade, M. M. 2009. Preparation of urban water demand function using artificial neural networks method in
Yazd. 3" National Conference on Water and Wastewater with Consumption Pattern Modification Approach.
Niroo Research Institute. Tehran, Iran. (In Persian)

Ji, Y., Lei, X., Cai, S. & Wang, X. 2016. Application of a classifier based on data mining techniques in water supply
operation. Water, 8, 599.

o f

Journal of Water and Wastewater Ml 5 Ol dlre

Vol. 33, No. 2, 2022 VOO Jlo Y oles MY o, p0

Q



dx.doi.org/10.22093/ww;j.2021.307401.3182 OblKas 5 s pibio dadic

V-0

Kazemi, Z. 2015. Applying process mining to improve knowledge management processes in contact centers (case
study: contact center 122 of Tehran water and wastewater organization). MSc. Thesis, Tarbiat Modares
University. Tehran, Iran. (In Persian)

Khalfi, A. A., Shiri, Q. & Pourashraf, Y. 2018. Investigating the pattern of domestic water consumption with the
approach of consumer segmentation (case study: household water consumers in Ilam city). Journal of Water and
Wastewater, 29(2), 59-67. (In Persian)

Khan, M. A., Islam, M. Z. & Hafeez, M. 2012. Evaluating the performance of several data mining methods for
predicting irrigation water requirement. In Proceeding of the 10" Australasian Data Mining Conference, 134,
199-208.

Kojury Naft Chali, M. & Fereydonian, A. 2015. Identifying the pattern of electricity consumption by data mining.
30" International Conference on Electricity. Tehran, Iran. (In Persian)

Kovacs, F., Legany, C. & Babos, A. 2013. Cluster Validity Measurement Techniques, Department of Automation
and Applied Informatics. Budapest University of Technology and Economics, Budapest, Hungary.

MacQueen, J. 1967. Some methods for classification and analysis of multivariate observations. In Proceedings of
the 5™ Berkeley Symposium on Mathematical Statistics and Probability, California, Los Angeles. USA. 1, 281-
297.

Maleki Nasab, A., Abrishamchi, A. & Tajrishi, M. 2007. Evaluation of household water consumption savings
through the use of reducing components. Journal of Water and Wastewater, 18(2), 2-11. (In Persian)

Malekmohamadi, M. & Mozafari, M. M. 2018. Applying social marketing in optimize management of water
consume. Quarterly Journal of Interdisciplinary Studies in the Humanities, 10(4), 197-218. (In Persian)

Mohammadi, R. 2014. Investigating the effect of targeted subsidies on consumption pattern and water consumption
in Ardabil. MSc. Thesis, Islamic Azad University Garmi Branch, Ardabil, Iran. (In Persian)

Mohammad Taheri, A. 2013. Prediction of effluent quality of wastewater treatment plant using predictive data
mining-case study: Baharan industrial town. MSc. Thesis, Hamadan, Iran. (In Persian)

Monedero, 1., Biscarri, F., Guerrero, J., Roldan, M. & Leon, C. 2015. An approach to detection of tampering in
water meters. 19" International Conference on Knowledge Based and Intelligent Information and Engineering
Systems. National Uiversity of Singapore, Singapore.

Monika, C. & Amarpreet, K. 2018. A comparative study of classification techniques for fraud detection. Journal on
Future Revolution in Computer Science and Communication Engineering, 4, 19-23.

Noori, A., Banihabib, M. E. & Soltani, J. 2015. Determining and prioritization of sustainable management strategies
for water supply and consumption in the dry areas of Iran. The I* Conference and Exhibition of Water Science
and Engineering. Shahid Beheshti University. Terhan, Iran. (In Persian)

Oyedepo, S. O. 2014. Towards achieving energy for sustainable development in Nigeria. Renewable and
Sustainable Energy Reviews, 34, 255-272.

Rathnayaka, K., Maheepala, S., Nawarathna, B., George, B., Malano, H., Arora, M., et al. 2014. Factors affecting
the variability of household water use in Melbourne, Australia. Resources, Conservation and Recycling, 92,
85-94.

Rayegan Shirazinejad, A., Zare, M., Zare, F., Banshi, M. M. & Rezaei, S. 2015. Investigation of statistical models in
modeling wastewater treatment process using data mining method. Environmental Health Engineering, 2, 186-
194. (In Persian)

Rosenblatt, F. 1962. Principles of Neurodynamics Spartan. New York, USA.

Journal of Water and Wastewater ONSb 5 of dxe

Vol. 33, No. 2, 2022 Vo) Jlo Y oyled ¥ o0



dx.doi.org/10.22093/wwj.2021.307401.3182 wejl 08ldil b o HliS, i it 9 (lslils

Sabouhi, M. & Noubakht, M. 2009. Estimating the water demand function of Pardis city. Journal of Water and
Wastewater, 20(2), 69-74. (In Persian)

Sattari, M. T. & Rezazadeh Judi, A. 2018. Monthly runoff modeling using data mining methods based on feature
selection algorithms. Protection of Water and Soil Resources, 1, 39-53. (In Persian)

Sattari, M. T., Abbasgholi Nayebzadeh, M. & Mirabbasi Najafabadi, R. 2014. Predicting surface water quality using
decision tree method. Irrigation and Water, 4, 76-88. (In Persian)

Shamsai, M. 2000. Estimating the water demand function of Isfahan province. a collection of 21 papers presented in
the first scientific and research conference on water consumption optimization. Public Relations and
International Affairs Publications of Tehran Water and Wastewater Company. Terhan, Iran. (In Persian)

Soleimanpour, S. M., Hedayati, B. & Zolfaghari, M. 2015. Determining the effective indicators on drinking water
quality using QUEST data mining technique in Saadatshahr, Fars province. 3 International Conference on
Rainwater System. Birjand, Iran. (In Persian)

Soleimanpour, S. M., Mesbah, S. H. & Hedayati, B. 2016. Application of K-Means and CART data mining
algorithms in determining the most effective factors of drinking water quality in Noorabad plain of Fars
province. 11" National Conference on Watershed Management Science and Engineering. Yasouj, Iran. (In
Persian)

Soleimanpour, S. M., Mesbah, S. H. & Hedayati, B. 2018. Application of CART decision tree data mining
techniques in determining the most effective drinking water quality factors (case study: Kazerun plain, Fars
province). Health and Environment, 11(1), 1-14. (In Persian)

Tabatabai, A. 2009. An Attitude on Data Mining. Qazvin Azad University Pub., Qazvin, Iran. (In Persian)

Tabesh, M. & Dini, M. 2010. Predicting daily urban water demand using artificial neural networks, case study:
Tehran. Journal of Water and Wastewater, 21, 84-95. (In Persian)

Taherdoost, M. A. 2021. Prediction of domestic drinking water demand in Shiraz city using time series and panel
data. The I*' National Conference on Water Quality Management and the 3" National Conference on Water
Consumption Management with the Approach of Reducing Waste and Recycling. Tehran University. Tehran,
Iran. (In Persian)

Thompson, E. 2016. Investigating drinking water advisories in first nations communities through data mining. MSc.
Thesis. University of Guelph. Hamilton, Canada.

Wen, Y. Y., Huang, W. M., Wu, J., Chen, Y. & Song, J. Q. 2013. Water consumption analysis system based on data
mining. Applied Mechanics and Materials, 241, 1093-1097.

Willis, R. M., Stewart, R. A., Giurco, D. P., Talebpour, M. R. & Mousavinejad, A. 2013. End use water
consumption in households: impact of socio-demographic factors and efficient devices. Journal of Cleaner
Production, 60, 107-115.

Yurekli, K., Taghi Sattari, M., Anil, A. & Hinis, M. 2012. Seasonal and annual regional drought prediction by using
data-mining approach. Atmdsfera, 25, 85-105.

This work is licensed under a Creative Commons Attribution 4.0 International License.

\.%

Journal of Water and Wastewater ML 5 of dxe

Vol. 33, No. 2, 2022 VPN Jlo Y oled PV 00





